Abstract-Recent developments in silicon based optoelectronics relevant to fiber optical communication are reviewed. Siliconon-insulator photonic integrated circuits represent a powerful platform that is truly compatible with standard CMOS processing. Progress in epitaxial growth of silicon alloys has created the potential for silicon based devices with tailored optical response in the near infrared. The deep submicrometer CMOS process can produce gigabits-per-second low-noise lightwave electronics. These trends combined with economical incentives will ensure that silicon-based optoelectronics will be a player in future fiber optical networks and systems.
I. INTRODUCTION

S
ILICON will play a critical role in the future optoelectronics industry. This trend is fueled by several developments; namely: 1) the emergence of silicon-on-insulator (SOI) as a platform for both photonic integrated circuits (PIC's) as well as VLSI; 2) epitaxial growth of silicon based alloys with tailored optical properties; and 3) scaled CMOS technology offering low cost lightwave circuits with gigabits-per-second speed and low-noise performance. This paper will describe critical issues and recent results in these areas and their impact on fiber-optic systems. Other applications including displays and imaging, as well as MEMS technology are not covered in this paper. An excellent review of these topics has recently been provided by Soref [1] .
II. SILICON-ON-INSULATOR PHOTONIC-INTEGRATED CIRCUITS (SOIPIC)
SOI is a critical material for future electronic integrated circuits. CMOS circuits fabricated on SOI benefit from reduced parasitics and absence of latch up [1] - [3] enabling high-speed operation at low power. These represent key requirements in many modern telecommunication and computation systems. The SOI structure also possesses unique optical properties owing to the large refractive index difference between silicon Manuscript received July 27, 1998; revised September 14, 1998 . This work was supported by the Defense Advanced Research Projects Agency and by the Office of Naval Research.
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Publisher Item Identifier S 1077-260X(98) 09125-4. and SiO . This has led to the investigation of the optical properties of SOI waveguides [4] - [6] and the development of a number of photonic integrated circuits (PIC's) [7] - [13] . Excellent optical properties as well as true compatibility with silicon CMOS integrated circuit technology is highly promising for future low-cost photonic integrated circuits. While there are other methods for realizing a siliconbased waveguide, such as silicon-on-sapphire (SOS) and the glass waveguide technology, only SOI is truly compatible with VLSI processing. This section reviews the basics of SOI photonic integrated circuits (SOIPIC) and presents recent results on passive and active devices.
SOI substrates are fabricated using several different technologies [2] , [3] . Separation by implanted oxygen (SIMOX) technology uses implantation of oxygen at high doses ( 10 cm ) followed by a high temperature anneal to form a buried SiO layer in a silicon wafer. In bond-and-etchback SOI (BE-SOI) a silicon wafer is first oxidized using wet or dry oxidation techniques followed by hydrophilic bonding to a bare silicon wafer, and a subsequent heat treatment. The first wafer is then thinned and polished by mechanical and mechanical/chemical processes to the desired thickness. A promising new SOI technology is the smart cut process [14] . The process starts with an oxidized silicon wafer followed by implantation of hydrogen at doses in the range 10 -10 cm followed by hydrophilic bonding to a bare wafer and subsequent heat treatment. During the heat treatment, the implanted wafer splits into two parts leaving a thin layer of SiO and Si bonded to the second wafer. The splitting is a result of blistering, which occurs due to the formation of microcavities concentrated at a depth corresponding to the implantation range and spread over a distance given by the implantation straggle [15] . To obtain a smooth surface, the roughness associated with the microcavities must be removed by polishing. The latter step does create thickness nonuniformity although to a much lesser extent than the BESOI process. The main advantage of the smart cut process for photonic integrated circuit applications is that the SiO layer can be as thick as in the BESOI, whereas the silicon overlayer has better uniformity. Also, the silicon overlayer can be thicker due to the larger implantation range of hydrogen compared to oxygen. Further, there is the potential economic advantage afforded by the ability to reuse the second wafer.
Silica glass waveguide based planar waveguides is a competing and more mature technology for lightwave circuits [16] - [19] . This technology uses index variation achieved by the doping of SiO to realize a waveguide structure on either a silicon or glass substrate. Typical dopants are Ge, Ti, and P with the films deposited via chemical vapor deposition (CVD) or flame hydrolysis (FHD). Compared to SOI, the silica waveguides are weakly confined structures. Typical refractive index step varies from 0.1% to 0.75% resulting in thick cladding layers. The overall waveguide thickness is currently 50 m for the production process [20] . The silica waveguide technology has been applied successfully to a wide range of applications and is a desirable platform for photonic circuits. However as shown in Fig. 1 , it is not fully compatible with electronic IC technology. There exists a large mismatch between the thickness of the waveguide layers and the active electronic devices which have layer dimensions of a few micrometers or less. Further, the thick dielectric layers result in stress, which will be problematic in the IC process. The weak optical confinement also prevents close spacing of the waveguides; a property that is crucial for applications in on-chip optical interconnects [21] . On the other hand, because of the large refractive index difference in the SOI structure ( 58%), thin cladding layers can be used making it compatible with the electronic IC technology. Single-mode propagation with low loss is a prerequisite for the operation of PIC's. Conventional wisdom suggests that the large refractive index step in SOI prevents single-mode propagation unless the waveguide has submicrometer transverse dimensions, in which case it will have extremely poor coupling efficiency to optical fibers. However, as shown by Soref and Petermann, single-mode propagation is possible in SOI waveguides with transverse dimensions that are large compared to the optical wavelength in the material [4] , [5] . This interesting phenomenon occurs in rib waveguides where the lateral slab regions can support guided modes. While the rib waveguide may be multimode, the higher order modes "leak" into the surrounding slab regions during propagation resulting in an effective single-mode propagation in the rib region.
The loss mechanism limiting the ultimate bend radius in integrated waveguide bends is radiation into the substrate. The effective index of the guided mode decreases in the waveguide bend region. Once the mode effective index becomes lower than the index of the lower cladding layer, substrate radiation loss occurs. Due to the large refractive index step between the silicon guiding layer and the SiO bottom cladding layer, SOI waveguides can, in principle, achieve the sharpest bends in any current integrated waveguide technology. To attain a sharp bend and adequate fiber-to-waveguide coupling efficiency, an adiabatic taper (narrower in the bend) can be used [22] . 
A. Passive Photonic Circuits
A number of SOI guided wave optical devices and circuits have been demonstrated over the past few years as shown in Fig. 2(b) . The first directional couplers have exhibited excess insertion losses of 1.9 dB with excellent uniformity [11] . Large (5 9) star couplers with excess losses of 1.3 dB have also been demonstrated [12] . Asymmetric Mach-Zehnder type wavelength filters with a channel spacing of 4 nm (free spectral range (FSR) 8 nm) with suppression ratio of 18 dB have been reported [13] . Low-loss multimode couplers with high fanout and broad-band operation have been fabricated [23] . Optical switches based on the thermooptic effect [7] and free carrier injection [9] have been reported. Wet chemical etching of the SiO has been used to realize movable SOI waveguides with potential applications in switching and sensors [8] . Finally, asymmetrically coupled SOI and polymer waveguides have been used to demonstrate wavelength selective photodetection [10] .
Currently, couplers and splitters represent the largest market for PIC's. Most commercial couplers are based on the directional coupler geometry whereas splitters use the Y-junction. A new and powerful integrated optics device is the multimode interference (MMI) coupler. The MMI coupler consists of single-mode input and output waveguides separated by a slab region. The slab region supports a large number of modes that propagate with different phase velocities leading to periodic self-imaging. This is shown in the beam propagation method (BPM) simulations of Fig. 3 other hand, the width of the multimode section scales as for a given crosstalk, resulting in the length scaling as (or the fanout). Due to the strong confinement in the SOI system, the output waveguides can be placed close together. Hence, extremely compact couplers can be realized in this system. Compared to a star coupler the MMI has several advantages. Due to the self-imaging, the input is distributed evenly among the output waveguides-in contrast the output distribution in a star coupler follows a Gaussian profile. In the MMI, there is no diffraction loss such as that associated with the tails of the Gaussian intensity profile in the star coupler. The MMI uses Manhattan geometries whereas the star coupler requires the input and output waveguides to be radially distributed. This feature of MMI is extremely attractive for integration with electronic IC's, as most standard computer-aided design (CAD) tools used for mask layout and fabrication in the silicon IC industry cannot handle continuously curved geometries. Excellent agreement between the measured data and the BPM simulations is observed. The MMI operation is independent of the wavelength in the 30-nm measured range. This property arises from the fact that the width of the multimode section, is large compared to the optical wavelength. This broad-band operation is critical for application in wavelength-divisionmultiplexed (WDM) networks. Fig. 4(a) shows the photograph of a fabricated 4-in SOI wafer containing phased array waveguide gratings. The device consists of two back-to-back star couplers connected by an array of waveguides of constant incremental path length difference [25] - [27] . The device disperses the different spectral components of the signal to the different outputs and is an excellent wavelength multiplexer/demultiplexer for WDM applications. Fig. 4(b) shows the measured wavelength response for a four-channel SOI phased array grating [28] . The light source is coupled into the center input channel through a polarizing fiber and collected at the four output channels by a cleaved single-mode fiber (SMF). The measured FSR is 7.6 nm and the channel spacing is 1.9 nm (237 GHz). The adjacent channel crosstalk is 22 dB and the on chip loss is 6 dB for all channels. We have also fabricated an eightchannel device with a channel spacing of 2 nm. The device has slightly higher loss otherwise its performance is similar to the four-channel filter.
A very interesting feature of SOI waveguides is their weak polarization dependence. Fig. 5(a) shows polarization sensitivity measurements for the phased array grating [28] . A TE-TM shift of approximately 0.04 nm is observed. This to the best of our knowledge is the lowest polarization shift observed in any waveguide technology without compensation techniques. The polarization sensitivity in integrated waveguides stems primarily from two sources: 1) intrinsic material birefringence and the stress in the waveguiding layer and 2) the crosssectional geometry of the waveguide. Unlike silica (glass) waveguides, SOI films do not have intrinsic stress. Therefore, we believe that the main source of polarization dependence in SOI waveguides is due to the asymmetry of the rib geometry. Therefore, the TE-TM dependence can be nearly eliminated with a deep waveguide etch as shown in Fig. 5(b) . However, there is a limit to the rib height since a very deep etch can result in multimode waveguiding and concomitant distortion of the spectrum.
B. Active Photonic Circuits
Photonic technology is an attractive solution to the problem associated with distribution and processing of millimeter and microwave signals in modern phased-array antennas. Advantages afforded by photonics include reduced weight and size, immunity to electromagnetic interference and low RF transmission loss [30] . Further, as the operating frequency of the radar increases, the incremental time steps needed to attain the requisite beam direction resolution decreases. Guided-wave optical delay lines provide the required precision and are more compact than optical fibers. The waveguides are defined using photolithography and their length can be controlled with submicrometer precision. The accuracy of the waveguide length is limited by processing variations or mask quantization [31] . Despite its great promise, all conventional schemes suffer from either the use of a lossy and expensive optical switch or an expensive fast tunable laser. The expensive, bulky and often unreliable fast tunable lasers from the current wavelength controlled time delay networks need to be eliminated while maintaining the ability to scale to systems with large antenna count. In this section, we describe a novel SOIPIC-the selfrouted electrically tunable time-delay device. The self-routing is obtained by developing an active phased array grating and by exploiting its intrinsic symmetries as shown in Fig. 6(a) . Carriers injected in the phase-shifter cause a fixed wavelength optical signal to be routed to a different output port of the grating. Because of this feature, the loss is independent of the number of delay channels so the device is readily scalable to a large number of channels. This active grating represents a generic tunable filter that is useful in other applications including WDM networks.
The electrooptic effect we use is the free-carrier plasma dispersion in silicon. Current injection in silicon creates a plasma of free-carriers which interacts with the optical field, causing the refractive index of silicon to be reduced. This can be achieved, for example, in a vertical or lateral p-i-n geometry as shown in Fig. 6(b) . In order to create a uniform optical phase-front tilt with a single control signal, the grating waveguides need to be integrated with incrementally longer phase-shift sections. An incremental phase-shift of 2 is required between adjacent grating waveguide phase-shifters to achieve a tuning through the entire optical bandwidth (freespectral range). We could also use a folded-over phase-shifter in a modulo scheme where we provide phase shift of at most 2 . Any larger phase shift requirement is then computed modulo . This results in drastic reduction in the power consumption in the phase-shifters and easy scalability to larger gratings while imposing minor penalty on the optical crosstalk.
The fabrication sequence for the phase-shifter network has as its starting point the 4-in BESOI wafer with passive four-channel waveguide gratings already etched. Standard photolithography processes are used to define oxide window openings that are etched through RIE for a p ion-implant. Subsequently, the oxide mask is stripped and the sample is prepared for a n ion-implant. The sample is later annealed in a rapid-thermal anneal to activate the implanted electronic species. Subsequently, the surface is prepared for contact window opening and aluminum metallization is deposited in an electron-beam evaporator. The metal is patterned by standard photolithography and etched in an acid mixture. Fig. 7 shows the wafer after the completion of phase-shift network fabrication. This array had p and n regions spaced 5 m from the edge of the optical waveguide. The reverse saturation current of pin diodes was found to be between 200-400 A for the linear phase-shift arrays. The breakdown voltage was found to be between 20-40 V over the entire wafer.
The optical spectrum was obtained by exciting the device with a broad-band source [amplified spontaneous emission from an erbium-doped fiber amplifier (EDFA)]. Since the grating was designed to optimize the phase shifter power consumption, a very sparse number of 15 grating waveguides were used to form the grating, resulting in a crosstalk of approximately 10 dB ( 20-dB electrical). Passive eight-channel gratings fabricated on the same wafer exhibit a crosstalk below 20 dB and a clean spectrum when using 60 waveguides in the grating.
We also measured the spectral response with carrier injection in the 5-m p-i-n phase shifter array. The shift in the peak wavelength as a function of the current into the linear phase shifter array is shown in Table I . At low currents, the spectral response instantaneously recovers upon shutting off the current drive to the p-i-n diode. At higher current levels, the response is slower to recover. This is also evident in the spectral shift, which in fact, reduces at currents above 100 mA due to thermal effect competing with the free-carrier plasma effect. Freecarriers injected into the intrinsic region cause a reduction of the refractive index while the heat dissipated in the area causes the refractive index to increase. We believe this is mainly due to poor contact between metal and semiconductor and the concomitant high turn-on voltage. Simulations show that with our next generation phase-shifter design, and improved ohmic contacts, the thermal problem will be eliminated.
C. Photodetector
The use of silicon-germanium heterostructures permits the realization of Si-based optoelectronic detectors within the 1.2-1.6-m infrared wavelength window over which crystalline Si is highly transparent [32] - [37] . Low-cost, monolithic optoelectronic circuits will enhance the economic feasibility of short-range optical interconnects based on parallel or multiwavelength architectures. In addition they have applications in optical clock distribution in ULSI silicon chips. SOI waveguides are ideal for integration with active devices [32] . While efficient light generation in silicon remains an elusive goal, an efficient photodetector at 1300 nm is a real possibility. To attain absorption at 1300 nm, Ge can be used to extend the absorption spectrum of silicon to longer wavelengths [32] , [33] . To obtain adequate absorption, films with high Ge concentration are required. The 4% lattice mismatch between Si and Ge renders such films compressionally strained, when grown on Si substrates. The critical layer thickness imposed by the strain energy limits the maximum thickness of the absorption layer to 20 nm for Ge concentrations of more than 40%. To attain a thicker absorption region, a superlattice consisting of alternating layers of GeSi and Si are used. The critical layer thickness for the superlattice is equal to that for a film whose Ge concentration is equivalent to the average value of the superlattice. Although the maximum superlattice thickness depends on its design, it is typically below 1 m for detectors designed to operate at 1300 nm.
The waveguide geometry is effective in overcoming the limitation in the absorption region thickness and the relatively low absorption coefficient of group IV materials. In such detectors, the GeSi superlattice with a high average refractive index forms the waveguide core and Si buffer layers with lower refractive index constitute the top and bottom cladding layers. Top and bottom electrodes form a vertical p-i-n structure. The light propagates in the longitudinal direction until it is absorbed, ensuring a high internal efficiency. However, the external efficiency remains low due to the high modal mismatch between the optical fiber and the GeSi waveguide with the strain-limited thin core region.
Integration of the waveguide detector with an SOI waveguide is an attractive solution. The latter is designed to have a large core with high numerical aperture. Using etch and regrowth, an integrated device based on a pin junction photodetector butt coupled to a passive SOI waveguide has been demonstrated [36] . Integration of the active and passive waveguides can also be attained using evanescent coupling. Evanescent coupling is preferred over butt coupling as it eliminates the need for the etch and regrowth process. Fig. 8 shows the layer structure for such a photodetector. A 12 period undoped 6.6 nm Si Ge /48 nm Si is used as the absorption region. The layers were grown by solid source molecular beam epitaxy (MBE) [37] on top of an SOI waveguide with a 2.5-m top silicon layer. The waveguide was defined using reactive ion etching (RIE) of Si and SiGe layers. The detector area is 30 500 m. Fig. 9 shows the waveguide coupled photodetector structure. Light is coupled from a SMF into the cleaved facet of the SOI waveguide. In the photodetector region, the light transfers into the higher refractive index SiGe absorption layer via evanescent coupling.
The device shows excellent current versus voltage ( -) characteristics indicating the high quality of epitaxial layers. The reverse leakage current is 70 pA/mm at 10 V with a sharp breakdown at the reverse bias of 20 V. Fig. 10 shows the measured external responsivity of the device for 1300-nm incident light. The external responsivity increases as the bias increases in the small bias range due to the carrier trapping in the potential barrier. The external responsivity is saturated at 2 V. The origin of the saturation is that all the photogenerated carriers are swept out. The external responsivity at 20 V reaches 0.2 A/W corresponding to the avalanche multiplication factor of . The responsivity can be further increased by several approaches. First, it is possible to enhance the responsivity using SiGe-Si superlattice layer with higher Ge content. Also, using a proper thickness of the superlattice layer and the SOI waveguide, the coupling efficiency between them can be optimized [39] . To obtain absorption at 1550 nm, we have investigated the use of carbon for strain compensation [34] .
Another possible structure for efficient detection is the use of Ge layers grown directly on silicon. Typically, such structures require a thick (and therefore time consuming) graded buffer layer to be grown prior to the active layer growth. However, recent results have shown that unbuffered Ge C -Si structures can be grown [38] . GeSn-Si structures may also be potentially useful for high-efficiency infrared light detection [35] . 
D. Periodic Structures
It is well known that placing the active device structure inside a resonant cavity enhances the performance of optoelectronic devices. In such structures, the presence of the cavity causes a large enhancement of the resonant optical field at discrete wavelengths. In particular, this effect has been demonstrated in the realization of high-speed photodetectors with thin absorption layers [40] . Both wavelength selectivity and high-speed response make them ideal for WDM applications.
Usually, resonant cavity enhanced (RCE) photodetectors have a vertical, i.e., normal-to-the-surface, cavity realized by means of epitaxial growth techniques. In particular, the active absorber section is made of a small bandgap semiconductor enclosed between parallel Bragg mirrors. These structures are suitable for III-V compound semiconductor materials where a wide variety of lattice-matched materials with large refractive index difference are available. Photodetectors with high reflectivity mirrors ( 95%) and wide bandwidth ( 50 nm) have been demonstrated [41] , [42] .
A different class of resonant enhanced photodetectors can be realized based on waveguide structures with a high-contrast Bragg grating overlay. The photonic bandgap (PBG) effect can be exploited by incorporating single or cascaded phaseslip regions in the grating (see Fig. 11 ). Bragg gratings with a phase-slip section have been developed for distributedfeedback (DFB) lasers [43] , and their use as optical filters in WDM systems has also been proposed [44] - [46] . Recently, periodic structures have been demonstrated in SOI waveguides [47] , [48] . PBG based structures offer resonant cavities with high-quality factor and large free spectral range that are suitable for integrated optics.
The reflection and transmission spectrum of single and cascaded PBG's can be modeled using a variety of theoretical approaches [44] , [45] , [49] . The matrix formalism [50] , [51] can predict not only the reflection and transmission spectra but also the internal electric field distribution throughout PBG structures [52] . We have used this technique to study single and cascaded PBG's for resonant cavity photodetectors. Fig. 11 shows (a) single and (b) cascaded PBG cavities. The main feature of the structure in Fig. 11(a) is that of exhibiting a narrow transmission peak centered at (Bragg wavelength) in a stopband. This happens in analogy with the effect caused by a defect in an electronic crystal, viz., the appearance of an allowed energy state inside the crystal energy bandgap [53] . For application to photodetectors, several PBG cavities can be cascaded to obtain high efficiency. The possibility of cascading several PBG cavities would make possible the realization of distributed photodetectors with velocity-matched travelling-wave configuration. The latter has been proposed and demonstrated in conventional nonperiodic waveguide structures [54] - [56] . A distributed resonance photodetector would exhibit extremely fast operation, high saturation powers, wavelength selectivity, and high-quantum efficiency.
Recent studies on cascaded PBG's report the presence of coupling causing a splitting of the resonant transmission peak inside the stopband [44] . For the simplest case of only two cascaded defects, when [see Fig. 11(b) ], the central transmission peak at splits in two symmetrical peaks. The separation is inversely proportional to . This result can be generalized to the case of cascaded cavities where, under the stated condition, the central peak splits into distinct peaks. Coupled cavities offer the exciting possibility of the resonant-enhanced parallel detection of WDM optical signals. This promising feature can be reached in the weakly coupled distributed-resonance structures in which each section is designed so that its resonant wavelength coincides with one of the particular wavelengths to be detected. Fig. 12 shows the optical intensity at different wavelengths along the PBG structure with three weakly coupled -defects. The sections are tuned to Bragg wavelengths of 1550, 1552, and 1554 nm. The transmission shows resonances at the three wavelengths. However, each cavity is resonant at a different wavelength. This unconventional behavior occurs since the resonant peaks of each cavity falls outside the bandgap of other cavities. Each wavelength is selectively enhanced in a single defect. The device offers the possibility for parallel detection of WDM signals.
III. FIBER-OPTIC CIRCUITS
Electronics plays an equally important role to photonics in an optoelectronic integrated circuit. These circuits represent the interface between the photonic device and the digital electronic world. Typical circuits include the preamp (transimpedance amplifier) and the quantizer (limiting amplifier) in the receiver and the laser driver in the transmitter. Because these circuits experience the full bandwidth of the optical link, they have traditionally been fabricated in exotic technologies such as GaAs or silicon bipolar. In addition to the bandwidth, noise is also critical in the optical receiver. As a result, the preamp represents the most challenging electronic component in an optical communication system. CMOS technology continues to be scaled to smaller gate lengths. Currently, 0.25-m gate length CMOS is in production and 0.1 m process is in advanced stages of development. This trend is driven by the digital VLSI industry and is fueled by the need to increase the integration density. Fortuitously, the cutoff frequency, , of the transistor rapidly increases with scaling of the gate length. This dependence is for long to moderate channel lengths and for short channel devices. As a result, cutoff frequencies of 70 GHz have already been reported for a scaled technology LSI Logic , allowing CMOS to challenge GaAs and bipolar technologies for gigabits-per-second lightwave applications. In addition to bandwidth, the cutoff frequency is also the central figure of merit affecting the noise performance of the preamp. At high bit rates, the minimum noise variance in a CMOS preamp (input referred noise) is proportional to where is the bit rate and is the input capacitance of the transistor. The latter is also reduced with scaling of the gate length. These facts suggest that scaled CMOS should be considered a viable technology for optoelectronic circuits operating at gigabits-per-second data rates. This conclusion is supported by recent results described below. Fig. 13 shows the chip photo (a) and output eye diagram (b) at 1.0 and 1.25 Gb/s for a CMOS receiver consisting of a transimpedance preamplifier fabricated in 0.6-m CMOS, and an InGaAs pin photodetector with 1-pF capacitance [57] . The circuit had a sensitivity of 20 dBm and meets requirements of the emerging Gigabit Ethernet network. Fig. 14 shows the (a) chip photo and (b) output eye diagrams at 1.25 and 2.5 Gb/s for a CMOS laser driver fabricated in the same process (0.6 m) [57] . The modulated current is 25 mA, into 25-load. The maximum modulation current measured was 40 mA. The circuit also provides an adjustable dc bias current of 1-60 mA. This circuit also meets the Gigabit Ethernet specifications and is also a strong candidate for OC48 WDM systems.
These results highlight the growing importance of silicon CMOS in high bit rate lightwave electronics. This is a critical development as it inevitably results in lower cost and more reliable optoelectronic circuits which will in turn enhance the proliferation of optical networks and data links.
IV. SUMMARY
This paper has reviewed recent trends in silicon based optoelectronics for communication applications. SOI offers a platform for high-performance guided-wave optical circuits. In contrast to the silica-based waveguide technology, SOIPIC is truly compatible with the electronic VLSI processing. Optical switching is possible by the thermooptical or free-carrier plasma effect and photodetection at 1.3 m is achievable using a combination of GeSi alloys and a waveguide structure. Combined with gigabits-per-second lightwave circuits, now possible with scaled CMOS, silicon based optoelectronics will continue to assume an increasingly important role in fiber-optic systems.
